Dynamics of Weyl Scale Invariant non-BPS p=3 Brane 
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Abstract. The action of Weyl scale invariant p=3 brane which breaks the target 
super Weyl scale symmetry in the N=l, 5D superspace down to the lower dimen- 
sional Weyl symmetry W(l, 3) is derived by the approach of coset method. The 
infeasibility of embedding an alternative Minkowski brane in the target super Weyl 
spacetime is also pointed out. 



In Type II string theory, BPS D-branes which carry R-R charges break the bulk 
N=2 spacetime supersymmetries and are invariant under only half of the original 
supersymmetries [1]. Its supersymmetric extension of Born-Infeld action describing 
the super BPS D-branes is realized by using Kappa-symmetry, which is needed for 
gauging away one half of the fermionic degrees of freedom [2]. In addition, super BPS 
D-branes theories in dimensions other than ten were discussed in Ref.[3]. However, 
when no Kappa-symmetry is considered, the number of fermionic degree of free- 
dom becomes the appropriate number of fermionic Goldstone modes for completely 
breaking the bulk supersymmetry. This is the case of non-BPS D-brane[4]. Al- 
though there is no manifest supersymmetry for this non-BPS D-brane world volume 
theory, the world volume theory is supersymmetric but realized as a spontaneously 
broken symmetry. 

There have been many generalized proposals for the construction of non-BPS 
D-branes [5]. In Ref.[6], a space filling non-BPS D-brane, which breaks the super- 
symmetries of the target non-centrally extended N=2, 3D superspace, is introduced 
by means of the Green-Schwarz approach [7]. This action, which is found to be dual 
to a non-BPS p=2 brane, can be alternatively constructed from coset approach and 
totally breaks the supersymmetry in the embedded N=l, 4D superspace. 

In this paper, we consider a p=3 brane embedded in 5D target bulk space with 
super- Weyl symmetry, which includes N=l, 5D super- Poincare symmetry and the 
Weyl scale symmetry. Since there is no observation for the superpartners for all 
the particles in the standard model of particle physics, the supersymmetry must 
be a broken one for a realistic theory. On the other hand, in particle physics it 
has been well known that the scale symmetry plays an important role [8-12], and 
it has been applied to a wide range of physics sectors, which include string theory, 
branes [13-16], as well as recent unparticle physics theory [17]. It is notable that the 
scale invariance is manifestly broken by the masses of the particles in the standard 
model; nevertheless, it is conceivable that at a much higher energy scale beyond 
the standard model, there are nontrivial sectors in particle physics that have the 
property of scale invariance. Accordingly, we consider that the dynamics of the 
embedded p=3 brane is described by Weyl scale theory, which also totally breaks 
the supersymmetry in the target bulk space. 
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The dynamics of the brane describes the long wave oscillation modes of the brane 
into the target bulk space. In this regards, we use the coset approach to realize 
the sponetaneous breaking of the target bulk symmetries down to the subgroup 
symmetries on the brane world volume. Consider the 5D dimension super- Weyl 
group G. Its generators include W(l,4) [8] Weyl group (formed by M MN , P M and 
Weyl scale (dilatation) generator D )and eight minimum supersymmetrical charges 
Q a with four complex components. The component index a=l, 2, 3, 4. Its algebra 
has the following (anti) commutation relations: 

{Q a ,Q h } = 2 1 Mp M 

[Qa, M J = -7 afe Qb 

[M MN , M q] = i(r]NoM MQ + r] MQ M NO - r] MO M NQ - r] NQ M MO ) 
[M MN , P R ] = i(r} NR P M - rj MR P N ) (1) 



and 



[D, M MN ] = 0, [D, D] = 0, [D, P M \ = -iPi 



M 



[D, Qa] = -\%Q a , [D, Qa] = ~iQa, (2) 

where rj MN = (1, -1, -1, -1, -1), 7 M = ( 7 ^,7 4 ),7 4 = -l°lWl\Qa = QtlLl™" 
ih M , 7^1/2 and M,N=0, 1,2,3,4. In the present context, we consider a p=3 brane 
embedded in the N=l, 5D superspace. Accordingly, the three spacial dimensional 
brane breaks down the target space super- Weyl invariance to a lower dimensional 
Weyl group symmetry W(l, 3), whose unbroken generators are {M^ u , D,P^}, where 
the index /i, v — 0,1,2,3. As a result, the broken generators, besides the sponta- 
neously broken automorphism generators M^, include the translational generator 
P4 transverse to the brane directions and the spinorial generators Q a and Q a related 
to the Grassmann coordinate directions in the superspace. On the other hand, one 
may be tempted to consider the Lorentz group as the stability group for the total 
symmetry breaking. However, at the end of the paper, we point out that infeasi- 
bility of embedding such a Minkowski brane in this super- Weyl spacetime. Since 
there would be the dilaton field localized on the brane world volume corresponding 
to the target scale symmetry breaking, and one will find it contributes a potential 
term on the brane world volume with an unbounded VEV. This fact then excludes 
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the brane modes that simultaneously nonlinear realize dilatation symmetry and the 
supersymmetry. 

We work on the 4D world volume of the submanifold. The 5D super Weyl 
algebra is to be converted to 4D algebra through dimension reduction. In the Weyl 
representation, we introduce two supersymmetrical Weyl spinor charges Q a and S a 
and define 

Qa = ^[j* a ^Qa = {^S«M (3) 

where the Weyl spinor indices a, a = 1,2. Therefore, the algebra becomes 

{Q,Q} = 2a*P lt ,{S, §} = WP lt , 

{Q, S} = -2eP 4 = -2eZ, 
[K», Q] = -ta^S, [K», S] = ia^Q, 
W\ Q] = -\^ V Q, W»\ S] = ~<r^S, (4) 
along with their Weyl scale properties 

[D, Kfj\ = 0, [D, Z] = -iZ, [D, P„] = -iP, 

[D, Q a ] = ~\iQa, [D, S a ] = ~iS a (5) 

where = 2M 4m . Therefore, from the 4D standpoint of view, the N=l, 5D SUSY 
algebra is a central-charged N=2 four dimensional extended superalgebra with one 
5D translation generator becoming the central charge. 

Here, the target symmetry group G is restricted to the group whose generators 
can be divided into two subgroups with one is the automorphism group of another. 
The transformation of the group G with respect to the coset of the unbroken auto- 
morphism generator group would give us a description of the vierbein of the embed- 
ded submanifold, which has the same dimension as the coset space with respect to 
the unbroken automorphism group of the unbroken whole subgroup. In our case, the 
coset is G/H, where H is formed by unbroken antomorphism generators {M M „, D}. 
Hence the embedded three spatial dimension brane has W(l, 3) symmetry structure 
oscillating through the coset space formed by G/H', where H' is spanned by the 
automorphism generators {M MN ,D} and is the automorphism group of the super 
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spacetime group formed by the set {Q a , Qa, S a , S a , P^}- The submanifold which the 
brane sweeps out has the dimensions of the coset G'/H with tangent space group 
H, where G' is spanned by the unbroken automorphism generators {M^ u , D} and 
the unbroken spacetime translation generators P^. The group elements of G can be 
parameterized in some neighborhood of the identity element as follows 



We choose static gauge for the parameterization of the brane world volume, then the 
space time coordinates x^ lie in the brane parameterizing direction The coset 
G/H representative elements then have the form 



in which <j)(x), 9(x), 9(x), \(x), \(x) and u(x) are the Nambu-Goldstone fields corre- 
sponding to each broken generators. Since the elements of group G can be decom- 
posed uniquely into a product form, given by a coset representative element and a 
subgroup element h, the transformations of these Nambu-Goldstone fields can be 
obtained by acting a group operation on fl from the left, i.e. 



where the new coset element ft' = e «'^ e ^(*0^ e i[e'(«')O+« > (*')O+A'(x')s+A'(x')5| e i«'''( a! ')^. 



As for the spontaneous symmetry breaking of (super) spacetime, the Nambu- 
Goldstone fields are those associated with the broken (super)translation operators, 
and the superfluous Nambu-Goldstone field w M can be eliminated by imposing co- 
variant constraints on the Cartan differential one forms. Explicitly, the Cartan 
one-forms can be expanded with respect to the full generators as follows 
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^[a^p^Q+^Q+ipS+ipS+zZ+b^K^+a^M^+dD] 



(6) 



^ _ e ix^p„ e i<j,(x)Z e i[e(x)Q+8{x)Q+\{x)S+X(x)S] e iu^{x)K l _ l 



(7) 



gQ = Q'h 



(8) 



Q-tdQ =e -iu^(x)K^ e -i[e{x)Q+d(x)Q+\(x)S+\(x)S} e -i<t>{x)Z e -is"p„ . 




(9) 



According to Eq.(8), the Cartan one- forms transform as 



n'^dtt' = h^dtyh- 1 + hdh 



-i 



(10) 
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00 (-l) fc 

By using the differentiation formula for exponent exp(— b)d exp(6) = — - — —r^(ad 

where adb(a) = [b, a] is the adjoint operation, we get the following building blocks 
related to the construction of the effective brane action, which is invariant under G 
t r ansf ormat ions : 

co a =(dx b + i9a b d9 - id6a b 6 + iXa b dX - idXa b X) 

■ (S b a + (cosh 2 - 1)^) - (# + id(6X - 9X) S[nh ^ u a 



Uz =(d(f) + id(6X - OX)) cosh 2Vu 2 

— — — — smVi 2\/7/^ 

- (dx a + i(6a a d6 - d6a a 6 + Xa a dX - dXa a X)) j=^u a 

VII 2 

u D =0 (11) 

where a = 0, 1, 2, 3. We use Latin letters a, b to represent the tangent spacetime 
indices, and Greek letters /i, v to denote 1 + 3 general coordinate indices in what 
follows. The vierbein can be found by expanding the Cartan one-forms associated 
with the unbroken spacetime generators with respect to the general coordinate dif- 
ferentials dx 11 , i.e. u a = dx^e®. The spin connection uo^ M can also be constructed 
in a similar way, i.e., = dx p oj^ M . Considering the unbroken subgroup W(l,3) 
(Weyl group) and Eq.(10), it follows that the dilatation transformation property of 
the vierbein takes the form 

u a ->• e d u a or e* -> e d e^ (12) 

then it is concluded that it has scale dimension 1. On the brane world volume, the 
interval is 

ds 2 = g^dx^dx u = ri ab e*e b dx^dx v (13) 
in which the metric tensor is given by 

Besides, under the scale transformation, in the local tangent space we have the 
transformation 

x a _> x ' a = e d x a (15) 
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it follows that the interval transforms as 

ds 2 -> ds' 2 = e 2d ds 2 (16) 

This can also be concluded from Eqs.(12) and (13). In terms of metric tensor g^u, 
considering Eq.(12), it is understanding that the metric tensor is weight 2 under the 
Weyl scale transformation, i.e. 

9'»v = e 2 V- (17) 
Conversely, g^ u has scale weight —2. Explicitly, in accord with Eq.(ll), the vierbein 
has the form 

e« =(5 b + ie<T%9 - id ^6 + iX^d^X - id^Xa b X) 



UbU 



a , „ , , .^ Tx sinh2v / M^ 



(5 h a + (cosh2Vw 2 - 1)-V) - <9 M (0 + i6X - iOX) 



u 2 ' ^ ' 

UbU 



-u 



a 



,-- sinh2v / w 2 a 



=A b ■ (5 b a + (cosh 2^ _ i)^_ _ D h {<j> + i6X - iOX)- j=—u a ) (18) 

in which A b = (8 b + i9a%9 - id^9a b 9 + iXa b d^X - id^Xa b X), and L> 6 = A' 1 ^ 
is the Akulov-Volkov derivative [18-21]. Imposing the covariant condition uz = on 
the Cartan one-forms, as a result of the inverse Higgs Mechanism [22], the field u m 
can be eliminated by the following relation 



Mfe = D h (j> + iL> 6 0A + i0£> 6 A - iD b 9X - iOD b X = D b $ (19) 



where $ = + ?#A — iOX. It can further yield 



cosh2v / M 2 = W ^= — ;= = J (20) 

W l-tanh 2 2 v / ^ Y 1 -^) 2 

with 

tanh 2 2v / w 2 "= (L>$) 2 . (21) 
Plugging Eq.(19) back into Eq.(18), the vierbein hence has the simple form 

a_ A b (X a i I - COsh 2 Vu^ U bU \ 

^ ' {6b + cosh2v^ ~ } 

1- cosh 2^ D b $D a $ 

M cosh 2^ tanh 2 2 v / ^ 2 



•C-'A" • -(£><i>) 2 -D) (22) 
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The metric tensor hence becomes 



9,u = e;e v b r] ab = A;A b Vab - d^d„$. (23) 

Introduce five dynamic variables X M = (X a ,X A ) = (X a ,$), which are defined as 
follows 

dX a =dx t *A"; 

dX 4 =d^{(/) + ieX-ieX)dx^. (24) 
Therefore, in the static gauge ^ = x M , the metric tensor in Eq.(23) gives us 

9X M g X N 

9»U -VMN-g^--g^~ 

<r+ _ -f->_ <-» _ _ 

=V^u + iOdvd^O + iXa v d^X + iOa^d^O + iXa^d u X 
+ {i6a h d^6 + iXa h d^X) ■ (i9a b dj + iXa b d u X) 

- (9 M + id^ex + iOd^x - id^ex - ^a) 

• (d„0 + id v 9\ + i^A - idJX - i9d v X) 
dx M dx N 

=r]MN-g^-~g^ + 0,9, X, and X terms (25) 

where ,<p). Consequently, in contrast with the normal induced 

dx M dx N 

metric g U u = Vmn^: k — on the p-brane world volume, there are modifica- 

at," 

tion terms to the metric, which are contributed by the Nambu-Goldstone fields 
9(x), 9{x), X(x), and X(x), as a result of the broken symmetries associated with the 
superspace coordinate directions. 

Introduce an auxiliary (intrinsic) metric on the p=3 brane world volume, 
whose scale dimension is 2 as induced by the scale transformation ^ — > e d ^, i.e. 

-)• e 2d Plll/ (26) 

or 

A . ATT v a„i<± . A7JT 4dj_4 



dx*y/\p\ ->• rfx'Vlp'l = e M dxW\p\- (27) 
By using Eq.(25), the effective scale invariant action of the p=3 brane world volume 
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is secured as follows 

/ = -t| d 4 x^/\p~\[^r) MN d,X M d u X N } 2 

= -T J d 4 xV^[^ff u (r)^ + iOaJdufi + iXaJd^X + iOaJdJ + iXaJ) u X 

+ (i6a b d„0 + iXa b d^X) ■ (i9a b dj + iXa b d v X) 
- (<9 M + idffiX + iOd^X - id^X - idd^X) 

■ (d u (j) + id v 6\ + i6d u X - idJX - i6d v X))] 2 (28) 

in which the auxiliary intrinsic metric p^ u can be eliminated by using its equation 
of motion. Here, ff" is the inverse of the metric p^ v with scale dimension —2, and 
p stands for the determinant of p^, and T stands for the brane tension. The part 
inside the square brackets has a scale dimension —2. It can be concluded that Eq.(28) 
is Weyl scale invariant under the transformation £ M — > e d ^ . Obviously, when the 
spinors are set to zero, it reduces to the Weyl scale invariant bosonic action [15]: 

f 2 r , 1 f) r a a T b 

I * = -Tj d Z^^k G ^» b ^p 2 (29) 

The action (28) describes the effective oscillation modes of the brane into the bulk 
space, corresponding to the symmetry breakings in the 9, 9, A, A, (super)space co- 
ordinates directions, and whose long wave length excitation modes are described 
by these Nambu-Goldstone fields associated with those broken symmetries, i.e., the 
symmetries related to Q a , Qa, S a , S a , and Z. 

On the other hand, if the embedded p=3 brane breaks the target scale symmetry 
as well, i.e., the coset represensitive elements have the following alternative form 

Q g _ e ix^p^ e i<p(x)Z e i\e(x)Q+e{x)Q+\{x)S+Xx)S] e iu^{x)K^ e ia(x)D 

Hence, the Cartan one-forms 

tt~ l dtt s =i(u a sPa + u a sQ Q a + u sQa Q« + u sZ Z + u%S a + 

"ssJ" + " a sk K a + u^M^ + u sD D) (31) 
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gives us 

uj a s = uj a e - a = e^{dx b + i6a b d6 - idQo b Q + i\a b d\ - id\o b \) 
■ (5 b a + (cosh 2v^ - 1)^!) - (# + id(9\ - 6\ f nh ^ u a 

" A / -7/2 



= dx^e slx 

u sD = dx^d.a = co^d.a = u«D^ (32) 

in which, the covariant derivative = e^d^. Further, considering Eq.(8), for a 
pure scale transformation, we find the dilaton field transforms as 

a ->■ a' = a + d (33) 

Accordingly, the dilaton field, which transforms with a shift, behaves as the Nambu- 
Goldstone field, signaling the sponetaneous breaking of the scale symmetry in the 
target bulk space. Therefore, considering Eq.(32), the effective brane action, which 
includes all the Nambu-Goldstone modes, is found to be 

I = -T [ d 4 x det e s - — [ d 4 x det e s r] ah D a aD b a 



= -T J d 4 xe~ 4a dete-^- J d 4 xdet ee^ife^e^ d^o (34) 

in which T s is related to the broken scale of the dilatation symmetry. Expanding 
the first term explicitly, we then have the potential 

V oc e- 4a (35) 

Therefore, the VEV can be determined by estimating the value of (e~ 4<T ), which 
becomes minimum when (a) goes to oo. However, due to the unbound of the VEV 
of the dilaton field it follows that a can not be a NG particle. This fact thus 
indicates that it is infeasible to embed such a Minkosski brane, whose modes break 
the bulk dilatation symmetry and the supersymmetry simultaneously, in the target 
Super- Weyl bulk space. 

In summary, in this paper, we start with the super Weyl group and its automor- 
phism subgroup. Then the embedded Weyl scale invariant p=3 brane breaks the 
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super Weyl group symmetry in the target bulk space down to the 1 + 3 dimensional 
Weyl W(l,3) symmetry in the submanifold. The brane's dynamics is described by 
the Goldstone bosons (Goldstino fermions) modes associated with the broken spa- 
tial(Grassmann) generators of the symmetry(supersymmetry) group. The approach 
of nonlinear realization has been extensively used to describe the spontaneous par- 
tial breaking of (extended) supersymmetry and construct actions of (super)brane 
dynamics [23-27]. It also has been applied to branes of M theory with a large au- 
tomorphism group of superalgebra [28]. In addition, in the theory of brane- world 
scenarios, the universe can be regarded as a four dimensional topological defect in 
the form of domain wall embedded in a higher dimensional spacetime [29], and it 
has been shown that the non-BPS topological defects can be a source of possible 
SUSY breaking [30]. Actually, it is found that the N=l supersymmetry preserved 
on the four dimensional world volume of one wall (brane) is completely broken by 
the coexistence of the other wall (brane) [31]. As a result, it admits another possible 
origin of SUSY breaking, except those fluctuation modes of the brane in the super- 
space as discussed here. 
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